The effects of swimming exercise on the bone mineral density (BMD) and bone metabolism of postmenopausal women were ascertained by comparing the data of 10 women who belonged to a swimming club (swimming group) with an average age of 63.2 ± 5.9 years and those of 10 women who belonged to an art (handicrafts) club (art group) with an average age of 64.3 ± 5.3 years. Dual energy X-ray absorptiometry was performed to measure the BMD of the whole body and the proximal femur, and a biochemical test (bone metabolism markers) was conducted to measure the levels of serum calcium, urinary creatinine, urinary calcium, and urinary deoxypyridinoline. The results were as follows: 1) While the whole body BMD for the swimming group was higher than that for the art group, there was no significant intergroup difference.
Physical characteristics of subjects therapy and water exercise therapy. While many studies are being performed on exercise equipment to maintain health and BMD in the elderly 13) 18) 25) , few studies have focused on BMD and bone metabolism of the proximal femur, the site where a fracture is most likely to occur in the elderly 14)23) .
Greater numbers of older people are taking classes such as swimming and art because they want to engage in an activity at their own pace without worrying about time, get together with friends with similar interests, and enrich their minds. Participating in these classes is important because it gives them something to look forward to in their daily lives. Hence, in the present study, we investigated the influence of exercise in preventing osteoporosis (as measured by BMD and bone metabolism markers) between postmenopausal women who swam regularly and those who took art classes.
II. Subjects and Methods
The study objectives and contents, BMD measure-ment, and biochemical analysis were explained to the subjects and their written informed consent was obtained. The study was approved by the Ethical Committee of the Osaka University of Health and Sport Sciences.
Subjects
The subjects were divided into two groups, a swimming group and an art group, and the results were compared between the two groups. The swimming group comprised 10 women who took a class at a sports 
Swimming exercise program
The basic exercise program consisted of 4 weekly sessions with professional guidance. Session 1 was designed to build basic strength by swimming the freestyle and breaststroke laps. Session 2 was designed to practice starting and turning in the water and swimming the freestyle and backstroke laps. Session 3 was designed to concentrate on arm movements and swimming the freestyle and backstroke laps. Session 4 was designed to build overall physical strength around the individual medley ( Table 2 ). The average duration of exercise per session was 1.3±0.3 hours, the average distance swum per session was 737.5±199.6 m, and the average number of sessions per week was 3.6±1.5 sessions.
Physical fitness measurement
According to the New Physical Fitness Test as established by the Ministry of Education 15) , the 
Calcium intake survey and daily living activities survey
Calcium intake was ascertained through a questionnaire survey 7) consisting of 35 questions: 5 related to milk and milk products, 5 to soybeans and soybean products, 10 to fish, 11 to vegetables, and 4 to seaweeds. Mean daily calcium intake was calculated based on the diet during a 3-day period from 3 days prior to measurement to the day before measurement.
In addition, a questionnaire survey was conducted regarding the following test: age at onset of menopause, duration of amenorrhea after menopause, and daily activity level (duration of walking/day).
Bone mineral density
The BMD of the proximal femur and the whole body In the proximal femur, BMD was measured at the total proximal femur, neck, greater trochanter, and Ward's triangle ( Fig. 1 ).
Biochemical test (measurement of bone metabolism markers)
Of the subjects in whom BMD was measured, blood and urine samples were collected from 9 consenting .
Concerning urine collection, first urine in the morning was sampled. Urinary creatinine level (uCr) was measured by the POD method 27) , and urinary calcium level (uCa) was measured by the OCPC method 4) . In addition, urinary calcium level (uCa) was corrected by uCr to standardize the effects of individual differences in muscle mass due to body shape (uCa/uCr). Urinary deoxypyridinoline level (Dpyr) was measured by the EIA method 24) .
Statistical analysis
The means and standard deviations were calculated for BMD, biochemical tests (bone metabolism mark-ers), physical characteristics, physical fitness measurement, and calcium intake. The obtained data were statistically analyzed using Macintosh Statview software, version 5.0, and significance tests were performed. For statistical analysis, a significance level of < _ 5% was considered statistically significant.
For comparisons of BMD, physical characteristics, physical fitness measurement, and calcium intake between the swimming and art groups, significance tests were performed using an unpaired two-group t-test. In addition, Pearson correlation coefficients were calculated between BMD, physical characteristics, and physical fitness measurement for both the swimming and art groups. Table 3 shows the BMD measurements for the swimming and art groups. The whole body BMD was greater for the swimming group than for the art group (0.960±0.075 g/cm 2 vs. 0.929±0.079 g/cm 2 ); there was no significant intergroup difference (not significant). This tendency was also evident for the proximal femur (swimming group, 0.745±0.104 g/cm 2 ; art group, 0.718±0.122 g/cm 2 ) and Ward's triangle (swimming group, 0.447±0.088 g/cm 2 ; art group, 0.441±0.138 g/cm 2 ).
Bone mineral density measurement
One art group member reported pain in the hip joint during BMD measurement of the proximal femur, so this subject was instructed to turn inward so that the femur was positioned vertical to the direction of X-ray irradiation. Therefore, because measurement reproducibility was slightly lower for this region, the BMD of the proximal femur for this patient was excluded and data from the other 9 art group subjects were used for analysis.
Figures 2 and 3 show the relationship between body
weight and BMD at Ward's triangle in terms of scatter diagrams for the swimming and art groups. For the swimming group, the tendency was that the heavier the body weight, the higher BMD, but no significant positive correlation was confirmed. In the same manner, for the art group, Figure 3 appears to show a slightly negative correlation between body weight and BMD at Ward's triangle, but standard deviation was larger. Table 4 shows the results of biochemical testing for the swimming and art groups. The serum calcium level (sCa) at rest for the swimming and art groups was greater for subjects with high levels at rest (Fig. 4 ).
Results of biochemical testing (bone metabolism markers)

IV. Discussion
In water, the body is subjected to the mechanical properties of water, such as water temperature, water pressure, buoyancy, and viscosity. The body thus reacts differently in water than on land. Buoyancy lowers stress on the knee and hip due to landing associat-ed with walking and is effective in supporting and assisting movements of damaged knees and ankles.
Moreover, movement in the water is subjected to pressure resistance, wave resistance, and friction resistance. Fins and gloves can be used to increase pressure resistance to movement; increasing not only energy consumption, but also muscle and bone stimulation.
Studies have previously been conducted to ascertain the effects of swimming exercise on bone in postmenopausal women. In these studies, women who were at least 3 years postmenopausal served as subjects 1)11) .
The degree of decrease in BMD was relatively gradual in these subjects and changes in BMD due to exercise Table 4 Comparison between swimming group and art group on the biochemistry marker Fig.4 Variation between rest and post exercise on the Urinary Deoxypyridinoline in the swimming group were likely to be revealed. At 7-9 years after menopause, the degree of decrease in BMD remains gradual 21) , and when compared to immediately after menopause or in old age, the effects of exercise are more likely to appear. This age group is not faced with rapid though no significant intergroup differences were observed, calcium intake was greater in the art group than the swimming group, who displayed an intake of 250 mg/day less than the recommended daily calcium requirement for elderly Japanese (850 mg/day) 22) .
While diurnal variations in calcium intake exist, mean monthly intake is 7500 mg/month. Although increased calcium intake is essential for preventing osteoporosis, whether increased calcium intake offers an effective measure for increasing BMD remains uncertain.
The target of osteoporosis therapy has changed from pharmacotherapy to pain alleviation, BMD elevation, and most recently to fracture prevention. Regarding the effects of exercise on bone, a previous cross-sectional study of BMD among young sports players revealed that BMD was higher among basketball and volleyball players 8) . Since lumbar and femoral neck BMDs reportedly increase more among middle-aged individuals who regularly engage in resistance exercises twice weekly than among those who regularly engage in walking 19) , types of exercise that exert greater effects on muscle and bone are thought to be more effective with regard to BMD.
In a study on BMD in middle-aged women who engaged in swimming exercise comprising swimming freestyle for 1000 m and breaststroke, backstroke, and butterfly for 150 m each, 1.5 times a week for 2 years 11) , the exercise did not inhibit age-related reductions in lumbar BMD, but was thought to have either main- , BMD of the femoral neck decreases by about 1% each year after menopause 17) . Hence, for subjects in the present study, BMD of the femoral neck for the art and swimming groups in 10 years should be around 0.576 and 0.601 g/cm 2 , respectively. For the art group, BMD of the femoral neck would fall within grade I bone atrophy and these women will thus be at greater risk of osteoporosis. However, the present study was unable to sufficiently verify that swimming exercises that use water resistance or buoyancy are effective for maintaining BMD in the proximal femur.
We were thus unable to obtain sufficient data for rein- Such an investigation may be of great interest, considering the fact that while some subjects in each group had uCa/uCr ratios at rest that were higher than the upper limit of the reference interval (0.2 mg/mg ) 25) , the mean for the swimming group was similar to the reference interval both at rest and after exercise, whereas that for the art group at rest exceeded the upper limit by +0.1 mg/mg, indicating increased urinary calcium excretion.
Furthermore, the present study used early morning spot urine sampling (single voided) 12) We hope that the findings of the present cross-sectional study will contribute to field research aimed at maintaining BMD in postmenopausal women, as well as the establishment of exercise therapy for preventing osteoporosis.
As the present study was cross-sectional, regular swimming exercise following menopause cannot be concluded to directly suppress bone resorption. However, these findings indicate that swimming exercise affects the BMD of the proximal femur and levels of urinary Dpyr, a bone resorption marker. In the future, for the elderly to live healthfully with vigor and without requiring nursing care, swimming exercise may aid in the maintenance and improvement of motor functions.
However, ascertaining how swimming exercise can be incorporated into activities of daily living will be important.
